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FIG. 7 
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FIG. 9 
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POWER CONVERTER 

CLAIM OF PRIORITY 

[0001] The present application claims priority from Japa 
nese application serial No. 2006-298375, ?led on Nov. 2, 
2006, the content of Which is hereby incorporated by refer 
ence into this application. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a poWer converter 
for converting DC poWer to AC poWer or a poWer converter 
for converting AC poWer to DC poWer. 

BACKGROUND OF THE INVENTION 

[0003] As a system that Wheels are driven by output of a 
rotary electric machine and a vehicle travels, there are a 
hybrid system of driving Wheels on the basis of output of an 
engine or both engine and rotary electric machine and a 
system of driving Wheels only by rotary electric machine. In 
either of the systems, the DC poWer is converted to AC poWer 
by the poWer converter and the AC poWer is supplied to the 
rotary electric machine for driving Wheels. On the basis of the 
supplied poWer, the rotary electric machine generates rotating 
torque, and the Wheels are driven by the rotating torque, thus 
the vehicle travels. 
[0004] The rotary electric machine for driving Wheels is 
required for large torque output, thus the poWer supplied to 
the rotary electric machine from the poWer converter is 
increased, and the internal heat of the poWer converter is apt 
to increase. 
[0005] Further, an example relating to the cooling structure 
of the poWer converter for vehicle is disclosed in Japanese 
Patent Laid-open No. 2001-45601. 

SUMMARY OF THE INVENTION 

[0006] The output required for the rotary electric machine 
is increased and in correspondence to it, the poWer supplied to 
the rotary electric machine is apt to increase. The internal heat 
of the poWer converter for controlling the aforementioned 
supply poWer is also apt to increase. It is necessary to take a 
countermeasure for the internal temperature rise of the poWer 
converter accompanying the increase in the heat. On the other 
hand, the poWer converter for vehicle must be installed in the 
limited space of the vehicle and the volume of the poWer 
converter cannot be increased excessively. Therefore, it is 
necessary to examine so as to make the poWer converter 
comparatively compact. 
[0007] An object of the present invention is to provide a 
converter for suppressing an increase in the volume as far as 
possible. 
[0008] In the present invention, a poWer semiconductor 
circuit in Which a coolant path structure forms a coolant path 
for letting a coolant pass, and a capacitor connected to a DC 
circuit is arranged on one side of the coolant path structure, 
and a poWer semiconductor chip for converting DC poWer to 
AC poWer is provided is installed on the other side of the 
coolant path structure. By use of this structure, the cooling 
ability of the poWer converter can be improved and the vol 
ume of the poWer converter can be suppressed from increas 
ing. 
[0009] Further, in the embodiments Which Will be 
explained hereunder, a connecting Wire for electrically con 
necting the aforementioned capacitor and poWer semicon 
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ductor circuit is arranged so as to penetrate the coolant path 
structure. By use of this structure, the volume of the apparatus 
can be made comparatively small. 
[0010] According to the present invention, the volume of 
the poWer converter can be prevented from increasing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a system diagram of a hybrid electric 
vehicle. 
[0012] FIG. 2 is a draWing for explaining the electric circuit 
of the poWer converter 100. 
[0013] FIG. 3 is a cross sectional vieW for explaining the 
structure of the poWer converter 100. 
[0014] FIG. 4 is a cross sectional vieW for explaining the 
structure of the poWer converter 100. 
[0015] FIG. 5 is a right side vieW of the poWer converter 
100. 
[0016] FIG. 6 is a front vieW of the poWer converter 100. 
[0017] FIG. 7 is a left side vieW of the poWer converter 100. 
[0018] FIG. 8 is an exploded perspective vieW shoWing the 
constitution of the poWer converter 100. 
[0019] FIG. 9 is a perspective vieW of the semiconductor 
module. 
[0020] FIG. 10 is a perspective vieW shoWing the structures 
of the capacitor and DC busbar. 
[0021] FIG. 11 is a perspective vieW shoWing the connec 
tion state of the capacitor and semiconductor module. 
[0022] FIG. 12 is an exploded perspective vieW shoWing 
the internal structure of the poWer converter 100. 
[0023] FIG. 13 is an exploded perspective vieW shoWing 
the internal structure of the poWer converter 100. 
[0024] FIG. 14 is a cross sectional vieW shoWing another 
embodiment relating to the poWer converter 100. 
[0025] FIG. 15 is a cross sectional vieW shoWing still 
another embodiment relating to the poWer converter 100. 
[0026] FIG. 16 is a cross sectional vieW shoWing a further 
embodiment relating to the poWer converter 100. 
[0027] FIG. 17 is a perspective vieW shoWing another 
embodiment relating to the semiconductor module. 
[0028] FIG. 18 is a perspective vieW shoWing partial 
enlargement of the semiconductor module relating to another 
embodiment. 
[0029] FIG. 19 is a cross sectional vieW of the DC terminal 
of the semiconductor module. 
[0030] FIG. 20 is a perspective vieW shoWing the structure 
of the DC terminal of the semiconductor module. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031] The embodiments explained hereunder have the 
effect of improving the cooling ability of the poWer converter 
and also the effects indicated beloW. 
[0032] (l) The structure of the embodiments has an effect 
of reducing the volume of the poWer converter. For example, 
the arrangement of the poWer semiconductor circuit, capaci 
tor, and coolant path structure can be stored in a compara 
tively small volume and the overall volume of the poWer 
converter can be made smaller. 

[0033] (2) The internal inductance of the poWer converter 
can be made smaller. Particularly, the inductance of the DC 
circuit for connecting the poWer semiconductor circuit and 
capacitor can be made smaller. The voltage rise based on the 
on operation or off operation of the poWer semiconductor 
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circuit is proportional to a change in the inductance or current. 
In the embodiments indicated below, the internal inductance 
of the poWer converter can be made smaller, so that even if the 
on or off operation speed of the poWer semiconductor circuit 
is increased, the voltage rise due to the internal inductance can 
be suppressed loW. The electric parts can be prevented from 
damage due to a high voltage. 
[0034] (3) As explained in (2), the on or off operation speed 
of the poWer semiconductor circuit is increased, thus the heat 
of the poWer semiconductor circuit can be reduced. Particu 
larly, the heat of the poWer semiconductor circuit during the 
off operation is high, so that the off operation of the poWer 
semiconductor circuit is speeded up, thus the heat of the off 
operation can be suppressed. As a result, the temperature rise 
of the poWer semiconductor circuit can be suppressed loW. 
[0035] (4) The productivity of producing a poWer converter 
is improved. For example, in the chamber on one side of the 
coolant path structure, the poWer semiconductor circuit and 
control circuit board are arranged, so that even if any ?xing 
parts or Wiring parts of the board are dislocated from the tool 
during operation and fall, the dislocated parts are prevented 
from falling in the chamber on the other side of the coolant 
path structure. By use of this structure, the fallen parts can be 
removed immediately and the productivity is improved. Fur 
ther, even if the surface of a high-voltage and large-current 
Wire is exposed Without insulating it, the aforementioned 
parts can be prevented from failing in taking out or prevented 
from entering the other space, so that the safety can be main 
tained. 
[0036] (5) The embodiments explained beloW have effects 
in addition to the effects aforementioned and those effects 
Will be described in the folloWing explanation. 
[0037] FIG. 1 is a system diagram of a hybrid electric 
vehicle using the poWer converter to Which the present inven 
tion is applied. In the electric vehicle, there are a hybrid type 
having an engine and a type having no engine, and the fol 
loWing embodiments can be applied to either of the types, 
though here, an electric vehicle of a hybrid type Will be 
explained as an example. HoWever, the poWer converter of the 
present invention, as mentioned above, can be used for a pure 
electric vehicle having no engine. 
[0038] The hybrid electric vehicle (hereinafter, referred to 
as “HEV”) has tWo drive systems such as an electrical drive 
system and a mechanical drive system for traveling the 
vehicle. One is an engine drive system using an engine 104 
Which is an internal combustion engine as a drive source. The 
other one is a drive system by a rotary electric machine. In the 
embodiments indicated beloW, the rotary electric machine has 
both functions of a motor and a generator and according to the 
travelling condition, is operated as a motor or is operated a 
generator. Hereinafter, the rotary electric machine acting as a 
motor or a generator is referred to as a motor generator. This 
system has tWo motor generators 130 and 140. 
[0039] On the front of the body of the vehicle (not shoWn), 
a front-Wheel axle 1 02 is born rotatably and at both ends of the 
front-Wheel axle 102, a pair of axles 101 are installed. The 
rear Wheel of the body of the vehicle is not draWn. The HEV 
of this embodiment adopts the so-called front-Wheel drive, 
though it may adopt the rear-Wheel drive. 
[0040] By the torque generated by the motor generator 130 
or 140 or the engine 104, the vehicle travels. On the input side 
of the motor generator 130, the output side of the engine 104 
and the output side of the motor generator 140 are mechani 
cally connected via a poWer distribution system 150. On the 
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input side of a transmission (T/M) 105, the output side of the 
motor generator 130 is connected mechanically. The torque 
generated by the motor generator 130 or 140 or the engine 104 
is added to the input side of the transmission (T/ M) 105. The 
added torque is varied in speed by the transmission 105 and is 
transferred to a DEF 103 Which is a differential poWer distri 
bution system for distributing the rotation drive force to the 
left and right front-Wheel axles 102. The rotation torque dis 
tributed by the DEF 103 is transferred to the Wheels 101 via 
the front-Wheel axles 102 and the vehicle travels. 

[0041] The poWer distribution system 150 is a differential 
system composed of cog Wheels 151 to 158. Here, the cog 
Wheels 153 to 156 are bevel gears and the cog Wheels 151, 
152, 157, and 158 are spur gears. The poWer of the motor 
generator 130 is transferred to the poWer distribution system 
150. The axle of the motor generator 130 is coaxial With the 
cog Wheel 157. Therefore, When there is no drive poWer 
supplied to the motor generator 130, the poWer transferred to 
the cog Wheel 157 is transferred straight to the input side of 
the poWer distribution system 150. When the cog Wheel 151 is 
driven by the operation of the engine 104, the poWer of the 
engine 104 is transferred from the cog Wheel 151 to the cog 
Wheel 152, then from the cog Wheel 152 to the cog Wheels 154 
and 156, then from the cog Wheels 154 and 156 to the cog 
Wheel 158, and ?nally to the cog Wheel 157. When the cog 
Wheel 153 is driven by the operation of the motor generator 
140, the rotation of the motor generator 140 is transferred 
from the cog Wheel 153 to the cog Wheels 154 and 156, then 
from the cog Wheels 154 and 156 to the cog Wheel 158, and 
?nally to the cog Wheel 157. Further, as a poWer distribution 
system 150, another system such as a planetary gear system 
may be used. 

[0042] The motor generator 130 is a synchronous machine 
having a permanent magnet for a magnetic ?eld in a rotor, and 
the AC poWer supplied to an armature coil of a stator is 
controlled by an inverter 110, thus the output torque thereof is 
controlled. The motor generator 140 is also a synchronous 
machine similarly to the motor generator 130, and the AC 
current supplied by an inverter 120 is controlled, and the 
generated toque is controlled. To the inverters 110 and 120, a 
battery 106 is connected electrically, and When the rotary 
electric machine is operated as a motor, DC poWer is supplied 
to the inverters 110 and 120 from the battery 106, and the DC 
poWer is converted to AC poWer, and the AC poWer is supplied 
to the motor generators 130 and 140 Which are a rotary elec 
tric machine. On the other hand, When operating the motor 
generators 130 and 140 Which are a rotary electric machine as 
a generator, the AC poWer generated by the rotary electric 
machine is converted to DC poWer by the inverter 110 or 120, 
and the converted DC poWer is supplied to the battery 106 
from the inverter 110 or 120. 

[0043] This embodiment has a ?rst motor/ generator unit 
composed of the motor generator 130 and inverter 110 and a 
second motor/ generator unit composed of the motor genera 
tor 140 and inverter 120 and uses them appropriately accord 
ing to the operation condition. Namely, When traveling the 
vehicle mainly by the rotation torque generated by the engine 
104 and assisting supplementarily the travel of the vehicle by 
the output of the rotary electric machine, the second motor/ 
generator unit is generation-operated, and rotation torque is 
added to the motor generator 140 by a part of the generated 
torque of the engine 104, thus 3-phase AC poWer is generated. 
By the poWer obtained by the poWer generation, the ?rst 
motor/ generator unit is operated as a motor unit. Namely, the 
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motor generator 130 is operated as a motor. In the similar 
case, When accelerating the vehicle, the ?rst motor/ generator 
unit is operated as a generator unit and by the torque gener 
ated by the engine 104, the motor generator 130 is operated as 
a generator. By the poWer obtained by the generation opera 
tion, the second motor/generator unit is operated as a motor 
unit and is operated as a motor. 

[0044] In this embodiment, the poWer of the battery 106 is 
supplied to the motor generator 130 of the ?rst motor/genera 
tor unit, and the ?rst motor/generator unit is operated as a 
motor unit, thus the vehicle can travel only by the output 
torque of the motor generator 130 Without using the torque of 
the engine 104. 

[0045] Furthermore, in this system, When both ?rst motor/ 
generator unit and second motor/ generator unit are operated 
as a generator unit for executing generation and operation, by 
the poWer of the engine 104 or the rotation torque transferred 
from the Wheels 101, the motor generator 130 and motor 
generator 140 can be operated as a generator, and the genera 
tion poWer is converted to DC poWer, and the AC poWer is 
converted to DC poWer by the inverter 110 or 120 of the ?rst 
or second motor/generator unit, thus the battery 106 can be 
charged. 
[0046] In the system shoWn in FIG. 1, the inverters 110 and 
120 and capacitor 50 compose the poWer converter 100. The 
poWer converter 100 stores the tWo inverters 110 and 120 in 
one housing so as to store them in a small-volume space and 

furthermore stores the capacitor 50. This embodiment pro 
duces an effect of making a necessary storing space compara 
tively small. HoWever, there is no need alWays to store the tWo 
inverters 110 and 120 and one inverter may be stored. 

[0047] Next, the electric circuit of the poWer converter 100 
Will be explained by referring to FIG. 2. The poWer converter 
100 has the inverters 110 and 120 aforementioned. The poWer 
converter 100 of this embodiment performs an operation of 
merging the functions of the inverters 110 and 120. In the 
poWer converter 100, a semiconductor module 20 for the 
inverter 110, a semiconductor module 30 for the inverter 120, 
the capacitor 50, a drive circuit 92 for the inverter 110 
mounted on a drive circuit board 70, a drive circuit 94 for the 
inverter 120 mounted on a drive circuit board 71, a control 
circuit 93 mounted on a control circuit board 74 for control 
ling both inverters 110 and 120, a discharge drive circuit 91 
for driving the discharge circuit (not draWn) of a connector 73 
mounted on a connector board 72 and the capacitor 50, and 
current sensors 95 and 96 are installed. 

[0048] The semiconductor modules 20 and 30 compose a 
main circuit for converting poWer of the corresponding invert 
ers 110 and 120 and have a plurality of poWer semiconductor 
devices for sWitching. As a poWer semiconductor device, an 
IGBT (insulated gate bipolar transistor) having a loW electric 
resistance is used, though a MOS transistor (metal oxide 
semiconductor/ ?eld effect transistor) may be used. HoWever, 
the MOS transistor has a slightly higher on-state resistance 
than the IGBT. The semiconductor modules 20 and 30 are 
respectively operated upon receipt of drive signals outputted 
from the corresponding drive circuits 92 and 94, convert the 
DC poWer supplied from the high-voltage battery 106 to 
3-phase AC poWer, and supply the poWer to the armature 
Winding of the corresponding motor generator 130 or 140. 
The main circuits of the semiconductor modules 20 and 30 are 
a 3-phase bridge circuit and the series circuits of three phases 
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are structured so as to be electrically connected in parallel 
betWeen the positive terminal and the negative terminal of the 
battery 106. 
[0049] To the semiconductor modules 20 and 30, three sets 
of series circuits composed of tWo IGBTs 21 are serially 
connected betWeen the positive terminal and the negative 
terminal of the DC circuit. Each of the aforementioned serial 
circuits is an arm, and the poWer semiconductor device for 
sWitching of the upper arm and the poWer semiconductor 
device for sWitching of the loWer arm are electrically con 
nected serially, thus, as mentioned above, the aforementioned 
serial circuits are structured. In this embodiment, as a poWer 
semiconductor device for sWitching, the IGBTs 21 are used 
and each of the IGBTs 21 has three electrodes of a collector, 
an emitter, and a gate. BetWeen the collector and the emitter of 
each of the IGBTs 21, a diode 38 is connected electrically. 
The diode 38 has tWo electrodes of the cathode and anode and 
so as to form the direction from the emitter of the IGBT 21 to 
the collector thereof as a forWard direction, the cathode and 
anode are respectively connected electrically to the collector 
and emitter of the IGBT 21. 
[0050] As mentioned above, as a poWer semiconductor 
device for sWitching, a MOSFET may be used. The MOSFET 
has three electrodes of a drain, a source, and a gate. Further, 
the MOSFET, betWeen the source and the drain, has a para 
sitic diode having a forWard direction from the drain to the 
source, so that there is no need to install separately a diode 
like the IGBT. 

[0051] As mentioned above, in the arms of each phase, the 
source of the IGBT 21 Which is an upper arm and the drain of 
the IGBT 21 Which is a loWer arm are electrically connected 
serially. Further, in this embodiment, the upper and loWer 
arms of each phase are composed of one IGBT, though When 
the current supplied to the rotary electric machine is large, it 
is possible to electrically connect serially a plurality of IGBTs 
to form upper and loWer arms. In this embodiment, as 
described later, the upper and loWer arms of each phase are 
composed respectively of three IGBTs. When the current 
amount supplied to the rotary electric machine is small, the 
number of parallel connections aforementioned is eliminated 
and When the current capacity is loW, the upper and loWer 
arms can be composed respectively of one semiconductor 
device. Inversely, When the current is large, the number of 
parallel connections of semiconductor devices composing 
each of the upper and loWer arms is increased, though the 
unbalance of the sWitching operation by the semiconductor 
devices connected in parallel leads to current unbalance, thus 
there is a danger of concentration of the current to partial 
semiconductor devices. In consideration of the current unbal 
ance, it is desirable to set the parallel connection of 3 or 4 
semiconductor devices as an upper limit, that is, use a maxi 
mum of 3 or 4 semiconductor devices. 

[0052] The drain of the IGBT 21 of each upper arm of each 
phase is connected electrically to the positive terminal of the 
battery 106 and the source of the IGBT 21 of each loWer arm 
of each phase is connected electrically to the negative termi 
nal of the battery 106. The middle point (the connection part 
of the source of the IGBT of the upper arm and the drain of the 
IGBT of the loWer arm) of each arm of each phase is con 
nected electrically to the armature Winding of the correspond 
ing motor generator 130 or 140. 

[0053] The drive circuits 92 and 94 are a drive circuit for 
permitting the corresponding inverter 110 or 120 to perform 
the sWitching operation, that is, for turning it on or off and on 




























